Staphylococcus aureus is an important human pathogen and is implicated in a wide variety of infections (13, 19, 28) . In Nigeria, S. aureus causes significant epidemiologic and therapeutic problems. Nigeria is the most densely populated African country, and Ibadan is the capital of the Southwest province Oyo, which has a population of 3.6 million and is the largest geographical area. Over the past 20 years, the incidences of both community-acquired (CA) and hospital-acquired (HA) S. aureus infections have increased, while antibiotic treatment is increasingly hampered by the spread of S. aureus strains that are resistant to multiple antibiotics, including methicillin (meticillin) (10, 11, 19, 32) .
The African data on S. aureus, particularly on antibiotic susceptibility, are extremely limited (3, 27) , although methicillinresistant S. aureus (MRSA) has disseminated in African countries. Between 1996 and 1997, the prevalences of MRSA, determined in eight African countries, were relatively high in Nigeria, Kenya, and Cameroon (21 to 30%) and were below 10% in Tunisia and Algeria, although in Algeria this rate increased to 14% (16, 26) . All MRSA isolates were sensitive to vancomycin.
The isolates were also highly sensitive to ciprofloxacin, except in Kenya, Morocco, and Tunisia, where relative resistance to this drug has been reported (16) . Moreover, the results of 4 years of studies from a number of hospitals in Kenya have shown that 90% of patients admitted to burn units were colonized or infected with MRSA (20) . The increasing prevalence of MRSA infections among nonhospitalized patients due to the emergence of unique community-associated S. aureus strains has become a Nigerian problem as well as a global problem. Because the genetic analysis of indigenous S. aureus strains is limited in Nigeria, we aimed to study the genetics, prevalence, and dissemination of such strains in Ibadan, where one of the largest university hospitals in Nigeria is located (2, 23) .
The objectives of this study were (i) to determine the antibiotic susceptibility profiles, genotypes, and toxin profiles of methicillin-susceptible S. aureus (MSSA) and MRSA strains from two hospitals in Ibadan, Nigeria, (ii) to determine the prevalence of MRSA, and (iii) to characterize the genetic determinants of CA-MRSA strains upon hospital admission.
(Part of this work was presented at the 47th Interscience Conference on Antimicrobial Agents and Chemotherapy, Chicago, IL, September 2007.) admission were obtained from two hospitals in Southwestern Nigeria, Oluyewo Hospital and University Teaching Hospital, both in Ibadan.
Of the 1,300 patients, 65% (845) were adults at surgical units, 20% (260) were at the department of pediatrics and neonatology, and the remaining 195 patients were at the medical department. Most of the isolates (90%) were obtained from the University Teaching Hospital, and the rest were from the Oluyewo Hospital, both in Ibadan, Nigeria. More than 70% of the total number of isolates were recovered from wound samples; 72 (21%) were recovered from corneal, conjunctival, and auricular swabs, 15 (4.3%) from genital swabs, and 16 (4.6%) from nasal swabs.
Antimicrobial susceptibility testing. Identification and testing of susceptibility (to penicillin, oxacillin, trimethoprim-sulfamethoxazole [SXT], tetracycline, erythromycin, clindamycin, ciprofloxacin, moxifloxacin, gentamicin, vancomycin, teicoplanin, linezolid, quinupristin-dalfopristin, fosfomycin, fusidic acid, nitrofurantoin, norfloxacin, levofloxacin, rifampin [rifampicin] , and tobramycin) were performed by the automated Vitek 2 system (bioMérieux, Marcy l'Etoile, France). The results were interpreted in accordance with the current guidelines of the Clinical and Laboratory Standards Institute (4): breakpoints for oxacillin susceptibility were used, with MICs of 2 mg/liter indicating susceptibility and MICs of 4 mg/liter indicating resistance. Details have been described previously (7) .
DNA extraction. Chromosomal DNA was isolated from overnight cultures grown on blood agar at 37°C. Genomic DNA was extracted by using the Qiagen DNA extraction kit according to the manufacturer's suggestions (Qiagen, Hilden, Germany) with the modification that 20 l of lysostaphin (1 mg/ml; Sigma) and 20 l of lysozyme (100 mg/ml; Qiagen) were added at the cell lysis step. The concentration of the DNA was assessed by a spectrophotometer (7) .
agr group-specific multiplex PCR and detection of the Panton-Valentine leukocidin (PVL) and toxin genes. Extracted genomic DNA was used as a template to amplify specific agr alleles. For multiplex PCR, one primer set was prepared to amplify the four specific S. aureus agr alleles using the primers described by Lina et al. (18) . Details have been given previously (7) .
The sea-e, seg-h, tsst-1, eta, etb, hlgA, hlgCB, lukE-lukD, lukS-PV, and lukF-PV genes were detected by PCR as described previously (7). We determined the presence of specific staphylococcal virulence genes and detected sequences specific for staphylococcal enterotoxin genes (sea-e, seg, seh, sei, and sej), as well as the toxic shock syndrome toxin gene (tst), PVL genes (lukS-PV and lukF-PV), LukE-LukD leukocidin genes (lukE-lukD), and hemolysin genes (hlg). The presence of the PVL and tst genes was confirmed by sequencing of their PCR products.
PCR for analysis of the SCCmec type. Staphylococcal cassette chromosome mec (SCCmec) types were determined by use of a multiplex PCR strategy that generated a specific amplification pattern for each SCCmec structural type, according to the method described by Oliveira and de Lencastre (25) . The SCCmec type was analyzed according to previously described procedures (25) . spa gene typing. The polymorphic X region of the protein A gene (spa) was amplified from all S. aureus isolates as described previously by Harmsen et al. (12) . All sequencing reactions were carried out with an ABI Prism BigDye Terminator cycle sequencing ready reaction kit (Applied Biosystems, Foster City, CA). The spa type was assigned by using Ridom StaphType software (version 1.4; Ridom GmbH, Würzburg, Germany).
MLST. Multilocus sequence typing (MLST) was performed according to previously published protocols. (5) . Briefly, standard DNA amplification and sequencing of the seven housekeeping genes (arcC, aroE, glpF, gmk, pta, tpi, and yqiL) were performed on all S. aureus isolates. Nucleotide sequences were determined for both strands by using published primers and were compared to existing sequences in the MLST database (http://www.mlst.net) for the assignment of allelic numbers. The isolates were assigned sequence type (ST) numbers according to their allelic profiles. Clonal complexes (CC) were defined as isolates that were identical at five or more alleles. Phylogenetic relationships among the MSSA and MRSA strains were then assessed by cluster analysis, the unweightedpair group method using average linkages, and application of the minimal spanning tree (MST) algorithm of the BioNumerics software to the MLST sequence data. The sequences for the variable sites from the seven gene fragments were concatenated into a single sequence.
RESULTS

Antibiotic resistances of S. aureus isolates.
A total of 346 S. aureus isolates were investigated during the study period; of these, 70 were methicillin resistant, giving an MRSA prevalence rate of 20.23% among the entire subject population. The youngest patient with MRSA in the study population was 2 years old, while the oldest was 57 years old. The age range for patients with HA-MRSA was 2 to 57 years, whereas the age range for CA-MRSA patients was 6 to 20 years. All S. aureus isolates studied were uniformly sensitive to vancomycin, teicoplanin, and fusidic acid. We found different resistance phenotypes (Table 1) by using a panel of antibiotics (penicillin, oxacillin, SXT, tetracycline, erythromycin, clindamycin, gentamicin, vancomycin, teicoplanin, linezolid, fusidic acid, ciprofloxacin, and rifampin).
The overall patterns of susceptibility of the CA-MRSA strains to antibiotics were as follows: 3% were susceptible to SXT, and 100% were susceptible to ciprofloxacin, erythromycin, fusidic acid, gentamicin, rifampin, tetracycline, linezolid, teicoplanin, and vancomycin. The higher prevalence of resistance to SXT in this environment could be due to widespread, indiscriminate use of these antibiotics.
MLST and relatedness of the clonal clusters. Among the 14 STs identified, ST88 (n ϭ 32), ST241 (n ϭ 7), and ST250 (n ϭ 30) were representative of MRSA strains. An MST was constructed by applying Bionumerics software. Figure 1 depicts the clustering of the STs detected in Nigeria together with representatives of international S. aureus clones, indicating the relatedness between MSSA strains in this study and pandemic MRSA clones (Fig. 1 ). MSSA ST8, MRSA or MSSA ST250, and MRSA ST241 strains were closely related and formed the clonal cluster CC8.
Clinical significance of MSSA and MRSA strains. Among the MRSA strains, clone ST88-MRSA-IV-a community-associated clone-was detected in clinical samples from outpatients at the University Hospital (n ϭ 26) and the Oluyewo Hospital (n ϭ 7) in Ibadan with opthalmic and otic infections and no health care history in the previous 1.5 years. These CA-MRSA ST88 isolates were detected within 48 h of admission to the hospital for patients who had not had a permanent indwelling catheter or percutaneous medical device (e.g., a tracheostomy tube or another catheter) within 1 year before MRSA detection. Additional criteria were no known positive culture for MRSA and no history of hospitalization, surgery, dialysis, or residence in a long-term care facility. The patients with ST88 isolates presented predominantly with conjunctivitis, cataracts, otitis, pyomyositis, and posttraumatic wound infections, whereas MRSA ST241 strains were common among hospitalized burn patients. MRSA ST250 and MSSA ST508 isolates were detected in samples from diabetic patients and those with urinary tract infections. MSSA ST88 isolates were mostly associated with cellulitis and postsurgical infections, whereas MSSA ST30 isolates were obtained from patients with different diagnoses: traumatic head injury, osteomyelitis, cataract, postsurgical wound infections, and accidental skin infections. MSSA ST5, ST7, and ST8 strains were isolated from patients with diabetic foot problems, urinary tract infections, gunshot injuries, multiple fractures, or postsurgical wounds and from polytraumatized patients.
Toxin gene detection and agr groups. None of the S. aureus isolates were positive for the sed, see, and seh toxin genes. Furthermore, none of the MRSA isolates were positive for the sea gene, whereas 32 out of 276 MSSA isolates were sea positive. Forty-four of 276 MSSA isolates (ST1, ST121, ST15, ST25, ST30, and ST5) were positive for seb, as were 6 MRSA isolates (ST250). All the MSSA isolates that were typed as ST508 (n ϭ 9) and a few others (ST5 [n ϭ 2], ST5 [n ϭ 2], and ST7 [n ϭ 2]) were positive for sec, whereas none of the MRSA isolates expressed this toxin gene. MSSA isolates from skin lesions or from eye or wound infections were more likely to produce toxins (81% or 68%, respectively) than nasal isolates (11%). Strains belonging to agr group III were preferentially positive for PVL expression, especially the CA-MRSA ST88 (n ϭ 33) and MSSA ST30 (n ϭ 30) isolates. MSSA isolates typed as ST1 (22 out of 22 isolates), ST121 (21 out of 38 isolates), and ST80 (8 out of 8 isolates) were also PVL positive. Forty-two (52.85%) of the 70 MRSA isolates were HA. The 33 MRSA ST88 isolates (47.15%) were acquired in the community (see Table 1 for details on toxin gene expression), and the patients with those isolates fulfilled the criteria for CA-MRSA according to a review of the medical charts. The majority of 
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eye infection is consistent with the findings of our study, in particular for outpatients with CA-MRSA-positive conjunctivitis. This might be an indication that antibiotics, especially broad-spectrum antibiotics, are now used extensively in the community as well as in hospital settings. S. aureus (61.2%) was the dominant cause of septicemia and mortality among neonates according to Udo et al. (30) . Another study investigated the bacteriology of nonsurgical wound infections in Ibadan. S. aureus (38%) was the predominant pathogen, followed by gram-negative bacteria (7 to 19% each) . High rates of antibiotic resistance were recorded among these isolates (24) . Thanni et al. (29) determined the prevalence of bacterial pathogens in wounds for patients from various units of the orthopedics and traumatology department of a Nigerian tertiary hospital. In this retrospective study from 1995 to 2001, Pseudomonas aeroginosa was the most common pathogen among the inpatients, whereas S. aureus was more common among outpatients. The rate of isolation of gram-positive bacteria in general decreased, while that of S. aureus in particular increased, as stated by Thanni et al. (29) .
The prevalence of MRSA in our study was moderate (20.23%) compared to those in previous studies in Southwestern Nigeria, which ranged from 1.4% to 50% (1-3, 16, 23, 27 ). However, it should be considered that the presence of the mecA gene, which is the "gold standard" for determining methicillin resistance, was not investigated in some of these previous studies. A recent multicenter study in Southwestern Nigeria confirmed resistance to methicillin by the detection of the mecA gene by PCR and reported a lower prevalence rate of 1.4% (1) . Despite the low MRSA rate in our study, it is evident that multiresistant MSSA strains occurred frequently in Southwestern Nigeria (Table 1) . However, the MRSA isolates were predominantly associated with infections (87%), as observed elsewhere (27) . Nevertheless, the prevalence of CA-MRSA (47%) was higher in our study than that (29%) in the study of Taiwo et al. (27) The prevalence of MRSA among the S. aureus isolates at the University College Hospital, Ibadan, Nigeria, in 1999 was generally set at 27%, which was higher than the 1972 prevalence of 1%. Forty-one percent of the MRSA isolates were from inpatients, while 59% were from outpatients. The high incidence of MRSA among outpatients was unusual at that time (23) . A survey of MRSA strains at a teaching hospital in Ilorin, Nigeria, suggested a similar MRSA prevalence rate of 34.7% (27) . Many African countries have a strong tradition of herbal or traditional medicine (21) . The low cost, high acceptance, and ease of access to such traditional "therapies" make them the most common form of African alternative medicine. Therefore, antibiotics do not play a major role in the community, and hence the level of resistance to oxacillin or methicillin is rather low. In the hospital environment, the acquisition of the SCCmec (in its various forms) by multiresistant MSSA strains could make infection control measures extremely difficult and could have serious consequences. The levels of resistance to sulfonamides and tetracycline were remarkable among MRSA clones; sulfonamides have been recommended and administered to treat MRSA infections in Nigeria (27) . Hence, these antibacterial agents should no longer be considered first-line drugs for the treatment of MRSA infections in Nigeria.
MLST of S. aureus strains in Nigeria indicated that certain major MSSA clones are extremely successful in Nigeria (1). These include ST25, ST30, and ST120/ST121 clones, which have been recognized as internationally well disseminated clones (6), along with the MSSA ST8 clone, which appeared to possess some epidemic potential and had acquired the mecA gene (1). These STs were also detected in our study. MSSA isolates are often more genetically variable than MRSA isolates and have commonly been the subject more of general surveillance studies than of molecular typing studies. Goering et al. (8) reported ST121 as the most common PVL-positive MSSA clone (pulsed-field type USA1200), which was found primarily in South Africa and the Russian Federation. In our study, the ST121 clone was also prevalent and was positive for the luk-PV gene. Another MSSA clone in our study belonging to CC1 was ST1, which was detected predominantly in PVLnegative isolates originating in India, South Africa, the United States, and Germany, with the difference that the Nigerian clone expressed the luk-PV and tst genes. MSSA ST5 (CC5) and ST30 (CC30) clones were identified in South Africa, the United States, and Germany as well, according to Goering et al. (8) . In comparison to those of our study isolates, Adesida et al. (2) identified different lineages for their MSSA isolates from Lagos, Nigeria. For their 17 MSSA isolates, spa typing revealed nine different types, among which spa types t007 and t454 were predominant. Considering the global and dynamic nature of MRSA in HA and CA infections, continued surveillance is important for a clearer understanding of the epidemiology of these organisms.
To date, most CA-MRSA SCCmec IV isolates have had MLST allelic profiles that are not found in studies of HA-MRSA isolates. However, CA-MRSA has the potential to move into the hospital setting and cause outbreaks. This study reiterates that the detection of CA-MRSA SSCmec type IV was associated with PVL production.
In contrast to MRSA strains in Algeria (26), our MRSA isolates were not resistant to gentamicin. In the Algerian study, the treatment options for multiple-antibiotic-resistant MRSA strains included cotrimoxazole (SXT) for minor infections and glycopeptides for severe infections. In contrast, SXT is no longer recommended for Nigerian MRSA strains in Ibadan, because the rate of resistance to SXT is approximately 53%. Nearly all the MRSA ST88 and MRSA ST241 isolates, but none of the MRSA ST250 isolates, were SXT resistant. Grim et al. (9) stated that clonal outbreaks of MRSA resistant to SXT have been reported; of these, the Brazilian clone has more often been resistant to SXT than the Iberian clone. Rates of SXT resistance were particularly high in institutions serving large numbers of patients infected with human immunodeficiency virus, due to increased exposure to Pneumocystis jirovecii prophylaxis.
Vandenesch et al. (31) described continent-specific PVLpositive CA-MRSA clones-mainly on an agr group III background-and characterized them by their STs. The main European CA-MRSA clone, ST80, was detected in France, Switzerland, The Netherlands, England, Belgium, and Germany, but also in northern Europe (e.g., Denmark), where MRSA strains are rare in hospitals. MRSA clone ST80 is usually resistant to tetracycline (resistance mediated by the tetK gene), intermediate to fusidic acid (the far1 gene), and resistant to kanamycin (the aph3Ј-III gene). In Nigeria, we observed the prevalence of MSSA ST80 isolates that were tetracycline resistant as well but susceptible to fusidic acid. One of the most prevalent PVL-positive CA-MRSA clones in the United States (USA300) belongs to ST8; other U.S. clones include USA400 (ST1), USA1000 (ST59), and USA1100 (ST30). ST30 is also a major clone in Asia and Oceania and is referred to as the South West Pacific MRSA clone. This ST was prevalent in Nigeria as an MSSA strain. In Singapore, an international travel hub, several clones belonging to ST80, ST30, and ST59 have been reported. The prevalence of PVLpositive CA-MRSA differs considerably from continent to continent. In the United States, MRSA strains were isolated from 50% of patients with skin and soft-tissue infections seen in the emergency departments of 11 cities (97% of the isolates belonged to clone USA300). In Europe, the prevalence of CA-MRSA is lower, at Ϸ1 to 3%, and in Africa the prevalence of CA-MRSA needs more investigational study.
In our study, the MRSA strains were less "toxigenic" than the MSSA strains (ST5, ST7, and ST30), which were more frequently positive for PVL and tst. In contrast to our findings, a Japanese study found that both MRSA and MSSA isolates carried a number of superantigenic toxin genes but that the MRSA isolates harbored more superantigenic toxin genes than the MSSA isolates (14) . Hu et al. (14) compared the prevalences of superantigenic toxin genes in MRSA and MSSA isolates and concluded that some of their MRSA isolates were sec, seg, and tst positive. In our study, none of the MRSA isolates carried these genes together, and only one MSSA isolate, of ST508, was positive for sec, seg, and tst together. This notably higher prevalence among Japanese MRSA isolates indicated that possession of the sec and tst genes in particular appeared to be a habitual feature of Japanese MRSA strains (14) , in contrast to Nigerian MRSA strains.
This study provides a comprehensive overview of the molecular epidemiology and genetic diversity of the S. aureus population at the largest university clinic in Nigeria. First, it shows a high prevalence of PVL-positive MSSA isolates. Second, it demonstrates high heterogeneity of the MSSA strains, with broader resistance profiles than those of the MRSA strains (ST250 and ST88), which are homogenous. ST88 was resistant to SXT in addition to penicillin and oxacillin, whereas ST250, as HA-MRSA, was additionally resistant to tetracycline, ciprofloxacin, and gentamicin (Table 1) . SXT and tetracycline are listed among antibacterial agents that have been rendered ineffective or for which there are serious concerns regarding bacterial resistance in Nigeria (22) . Therefore, the formulation and implementation of national drug policies by governments are fundamental to ensure rational drug use. Control of CA S. aureus will remain a challenge for some regions in Nigeria, since transmission is linked to migration and tourism.
Two types of SCCmec were found in CC8, for the ST241-MRSA-IV strain and the ST250-MRSA-I strain (Fig. 1) . MSSA ST250 is most probably the putative ancestor of MRSA ST250 by the insertion of SCCmec I. MSSA ST250 itself might have derived from a putative MSSA ST8 ancestor, common to all strains belonging to CC8 (14) .
In the present study, we showed that in most of the clinical departments, the less toxigenic MRSA strains circulate together with the more toxigenic MSSA strains, e.g., ST30 and ST1 strains. This might benefit toxin gene transfer, which could occur among MSSA and MRSA strains (17) .
In conclusion, the application of the different typing methods to our Nigerian strains provided important information on their clonal relationships and might also strengthen our understanding of the S. aureus population circulating in Nigeria. Moreover, this study summarizes comprehensive epidemiologic data and uses genetic markers to investigate outbreaks in health care settings.
To the best of our knowledge, this is the first report of the detection and genetic characterization of an ST88 clone in Nigeria. An ST88 clone was also isolated in Asia (11) , with the significant difference that the Nigerian clone expresses PVL and is sensitive to tetracycline and fusidic acid, in contrast to European CA-MRSA clones (32) . Therefore, epidemiological studies of the clonal relationships of MRSA strains in Nigeria with worldwide clones would be useful and important for understanding the global dissemination of such clones.
The limitations of our study include the limited number of patients. Thus, the prevalence of MRSA in general and of CA-MRSA in particular might be underestimated. Future prospective studies may further elucidate possible epidemiologic risk factors associated with the acquisition of CA-MRSA infections.
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